Introduction
Leptospirosis is a zoonotic infection caused by pathogenic spirochaetes with outbreaks occurring predominantly in 'rural' tropical regions. [1] [2] [3] Humans become infected through contact with water or soil contaminated by the urine of infected animals. [1] [2] [3] Prompt initiation of antibiotic therapy is important as all its forms, whether a mild flu-like illness, anicteric leptospirosis or the potentially fatal Weil's disease, begin in the same way. [1] [2] [3] However, early diagnosis is difficult clinically, as other illnesses such as dengue, enteric fever, malaria, and viral hepatitis have a similar presentation. [1] [2] [3] For the first time in 1996 an outbreak of leptospirosis occurred in an 'urban' setting in Brazil, following heavy rainfall and floods in densely populated slums, which had inadequate drainage and sanitation facilities, with large rodent and stray dog populations. 4 Similar outbreaks of leptospirosis have occurred during the monsoon season (June-September) in Mumbai slums in 2000 and 2001. 5, 6 Dengue is a mosquito-borne viral infection with outbreaks occurring predominantly in 'urban and semi-urban' tropical areas. [7] [8] [9] Increased urbanization and crowding helps in the transmission of the dengue virus. 10 Infection may be a self-limited febrile illness known as dengue fever (DF), or, in a small percentage of cases, may result in life-threatening dengue haemorrhagic fever (DHF) or dengue shock syndrome (DSS). [7] [8] [9] Dengue is endemic in some parts of India but not in Mumbai city. 11 Recently, concurrent urban outbreaks of leptospirosis and dengue have been reported during periods of heavy rainfall in Brazil, 4 Barbados, 12 and Thailand. 13 Even cases with leptospirosis and simultaneous acute dengue infection have been reported. 12 The present study was, therefore, conducted to investigate the possibility of a concurrent outbreak of leptospirosis and dengue and to describe the clinical illnesses.
Materials and Methods

Patient enrolment
All consecutive children from 1 month to 12 years of age who came to our outpatient or emergency care department and were suspected to be suffering from leptospirosis or dengue were admitted and enrolled for the study. The study was conducted from 20 June to 14 November 2002. The hospital is attached to a medical college and is situated in close proximity to Dharavi, one of the largest slums in Asia, which is its main catchment area.
The Indian Leptospirosis Society working definition 14 was used to suspect leptospirosis, namely a child with a history of abrupt onset of high fever (more than 39 C) with myalgia associated with any one or more of the following symptoms: (i) altered sensorium, (ii) conjunctival suffusion, (iii) cough and breathlessness, (iv) haemorrhages, (v) jaundice, (vi) oliguria. The WHO working definition 15 was used to suspect dengue. DF was suspected in a child with a history of abrupt onset of high fever (more than 39 C) with two or more of the following: (i) arthralgia, (ii) haemorrhagic tendencies (evidenced by one or more of epistaxis, gastrointestinal bleeding, gingival bleeding, hematuria, petechiae or ecchymoses, positive tourniquet test), (iii) headache, (iv) leucopenia, (v) myalgia, (vi) retro-orbital pain, (vii) skin rash. DHF was suspected if a child suspected to have DF had hemorrhagic tendencies, plus: (i) thrombocytopenia (below 100 000/ml), and (ii) evidence of plasma leakage (pleural effusion, ascites, hypoproteinaemia). DSS was suspected if all the above criteria were satisfied plus a rapid and weak pulse, narrow pulse pressure (less than 20 mmHg) or hypotension for age, cold, clammy skin, and altered mental status.
A standardized data-entry form was used to document demographic data and clinical information of each patient.
Consent and ethical approval
Our study was a public health response that did not require review by the research and ethics committee of our hospital. However, all patients had an informed consent form signed by their parents.
Diagnosis of cases
In every child with 'suspected leptospirosis', blood dark field microscopy was performed to detect leptospires at the time of admission; and a latex agglutination test, i.e., the Lepto Tek Dri-Dot test (BioMerieux, The Netherlands), was carried out to detect anti-Leptospira antibodies. This Dri-Dot test has sensitivity, specificity, and positive and negative predictive values of 72.3 per cent, 93.9 per cent, 91.2 per cent, and 79.3 per cent, respectively, for samples collected during the first 10 days of the illness, and is ideal for use in areas where laboratory facilities for conforming the diagnosis of leptospirosis is not routinely available. 16 Blood samples for the Dri-Dot test were collected after a minimum of 5 days after onset of fever, as it takes at least 2 days for anti-Leptospira IgM antibodies to start developing. [1] [2] [3] In every child with a positive Dri-Dot report, paired serum samples were collected, 7-10 days apart, and stored at -20 17 The Dri-Dot and IgM-ELISA tests were performed in strict compliance with the manufacturers' instructions. MAT was performed with a battery of eight available pathogenic serovars, i.e., autumnalis, bataviae, canicola, grippotyphosa, hebdomadis, icterohaemorrhagiae, pomona, and tarasovi and according to the standard protocol. 18 The criterion for a positive MAT was a seroconversion to a titre of at least 200. 3, 19 A positive result by IgM-ELISA test and/or by MAT was the laboratory evidence for confirming the diagnosis of leptospirosis.
In every child in whom dengue was suspected, or who had a positive Dri-Dot report, a serum sample was collected, a minimum of 7 days after onset of fever, and stored at -20 C. Within 1 month they were sent, with proper cold chain maintenance, to the National Institute of Virology, Pune. Here, the IgM antibody capture ELISA (MAC-ELISA) test to detect IgM class of antibodies to dengue viral antigen was carried out. This indigenously developed MAC-ELISA test has a sensitivity of 96 per cent and specificity of 81 per cent. 20 The MAC-ELISA test for IgM antibodies detection is the most useful serological procedure currently available and it is widely recommended for serological diagnosis of acute dengue infection.
Simultaneously, a complete blood count, urine routine and microscopy, peripheral blood smear examination for malarial parasites, clot culture and Widal test were done in every child. As required, further tests were carried out, i.e., urine culture, blood culture, chest X-ray, ultrasonography of chest/ abdomen, liver/renal function tests, platelet count, cerebrospinal fluid examination, electrocardiogram, and computed tomography scan brain.
Management of cases
A positive blood dark-field microscopy or DriDot report was an indication to start intravenous crystalline penicillin (200 000 units/kg of body weight/day i.v. divided into six doses) for 7 days. [1] [2] [3] Paracetamol was started for the complaints of fever and myalgia. Suspected dengue cases received symptomatic and supportive treatment as recommended. 9 Antimalarials were given for malaria. Appropriate antibiotics were given for enteric fever and other bacterial infections. Symptomatic treatment with paracetamol was given to cases wherein no diagnosis could be made.
Data analysis
The data obtained was analysed using the Statistical Package for Social Sciences software. The chi-squared ( 2 ) and Fischer exact tests were used wherever appropriate. With bivariate analysis, the relative risk estimate was measured using odds ratio (OR), and 95 per cent confidence interval (CI) was estimated around the OR. Two-tailed p values less than 0.05 were considered significant. The sensitivity, specificity, and positive and negative predictive values for the clinical features significantly associated with leptospirosis and dengue were calculated.
Results
Laboratory test results and final diagnosis
Ninety children (66 male and 24 female), residing in slums near our hospital, were admitted with suspected leptospirosis. Of these, 25 (28 per cent) had a positive Dri-Dot report (three also had a positive blood dark-field microscopy report). Eventually, 15 (17 per cent) children were confirmed as cases of leptospirosis (Table 1) , by IgM-ELISA test in 14 and by MAT in five. Both IgM-ELISA test and MAT were positive in four children. Three serovars (bataviae, canicola, and tarasovi) were identified in three MAT positive samples. Three leptospirosis cases had simultaneous malaria infection (Plasmodium vivax in one, P. falciparum in two) and were excluded while analyzing the clinical features of leptospirosis (Tables 2 and 4-6) .
Dengue, too, was suspected in 53 of the 90 children admitted with suspected leptospirosis.
Of these 16 (18 per cent) were confirmed as dengue (Table 1) . Of these, 10 had DF (two had simultaneous P. vivax infection), three had DHF, and three had DSS (one had simultaneous P. vivax infection). Three dengue cases that had simultaneous malaria infection were excluded while analyzing the clinical features of dengue (Tables 3 and 7 -9) . Dual infection of leptospirosis and dengue was not detected in any child. Malaria was the commonest final diagnosis in the cases enrolled in the study (Table 1 ). Viral hepatitis was diagnosed in five children (Hepatitis A in two, Hepatitis B in two, and Hepatitis C in one).
Age and gender distribution of leptospirosis and dengue cases While five (42 per cent) of the leptospirosis cases were in the age group 1-5 years, seven (58 per cent) were more than 5 years old (Table 2 ). While two (15 per cent) of the dengue cases were infants, four (31 per cent) were in the age group 1-5 years of age, and seven (54 per cent) were more than 5 years old (Table 3) . One 9-month-old girl had DF and one 7-month-old boy had DSS. Gender was not significantly associated with either leptospirosis or dengue (Tables 4 and 7 ). The male:female ratio was 5:1 and 3.3:1 in the leptospirosis and dengue cases, respectively.
Temporal distribution of leptospirosis and dengue cases
The outbreak of leptospirosis began in the first week of July and ended with the monsoon season in the first week of October. Dengue cases were detected from the fourth week of July until the end of the study period (Fig. 1) Comparison of clinical features in leptospirosis and leptospirosis-negative cases Five clinical features (risk factors) were significantly associated with leptospirosis -conjunctival suffusion, haemorrhage, abdominal pain, hepatosplenomegaly, and oedema (Table 4 ). The conjunctival suffusion involved the bulbar conjunctiva. The abdominal pain was mild and elicitable on superficial palpation of the abdomen or on pinching the abdominal muscles. The liver and spleen were just palpable, 2 to 3 cm below the costal margin. The oedema was peri-orbital, and at times pitting oedema was also noted on the shins. As the number of risk factors present in a child increased, the chances of having leptospirosis also increased significantly ( p 5 0.0001, Table 5 ).
The presence of conjunctival suffusion or oedema had a high specificity of 84 per cent, and combinations of three, four and five risk factors had a high specificity of 85 per cent, 99 per cent, and 100 per cent, respectively, for identifying leptospirosis (Table 6 ).
There was no significant difference in the outcome, in terms of survival, between leptospirosis and leptospirosis-negative cases (13/15 vs. 72/75, p ¼ 0.150). Nine of the 15 children with leptospirosis had severe illness with haemorrhagic manifestations (two had epistaxis, three had haematemesis, one had hematuria, two had subconjunctival hemorrhage, and one had epistaxis, haematemesis, and hematuria). Two of these nine cases had icterus (Weil's disease) and they died within 24 h of admission. One child with Weil's disease had simultaneous P. falciparum infection. The remaining 13 children with leptospirosis (two had simultaneous malaria infection: P. falciparum in one and P. vivax in one) responded well to the treatment and went home. Three children who were leptospirosis-negative died (one had P. falciparum malaria, one had pneumonia, and one remained undiagnosed).
Comparison of clinical features in dengue and dengue-negative cases Two clinical features (risk factors) were significantly associated with dengue: arthralgia and thrombocytopenia ( Table 7) . The arthralgia was predominantly in the knee joints. Five of the seven thrombocytopenic dengue cases had haematemesis. If both risk factors were present in a child, the chances of having dengue increased significantly ( p ¼ 0.001, Table 8 ).
The presence of arthralgia or thrombocytopenia had a high specificity of 97 per cent and 89 per cent, respectively, and a combination of two risk factors had a specificity and positive predictive value of 100 per cent for identifying dengue (Table 9 ). There was no significant difference in the outcome, in terms of survival, between dengue and dengue-negative cases (16/16 vs. 33/37, p ¼ 0.171). All 16 children with dengue responded well to the treatment and went home. Four children who were dengue-negative died (one had pneumonia, two had leptospirosis, and one remained undiagnosed).
Discussion
The present study confirms that in the year 2002, a concurrent outbreak of leptospirosis and dengue did occur in children who resided in densely populated slums near our hospital. We have identified clinical features that can help a physician to strongly suspect leptospirosis or dengue. The presence of more than one significant feature in a child should make the suspicion even stronger. In the present study, although the majority of children with leptospirosis presented with the severe form, treatment outcome was gratifying. Prompt initiation of penicillin therapy was possible, as the Dri-Dot assay takes only 30 s to be interpreted. All children with dengue recovered from their illness and went home.
IgM-ELISA tests are now being widely used for diagnosing acute leptospirosis.
1-3 A Medline literature search revealed four recently published studies wherein the diagnosis of leptospirosis was confirmed by using only IgM-ELISA tests. 5, [21] [22] [23] Detection of IgM antibodies by ELISA has been shown to be more sensitive than the MAT in samples taken in the acute phase of illness and even later in the convalescent phase of illness, up to 28 days after onset of symptoms, and of equivalent specificity. 24 In the present study, the second serum sample was collected 12-15 days after onset of symptoms. As parents are reluctant to bring their children for follow-up we did not collect a third (convalescent phase) sample for MAT testing. The high IgM levels during the acute phase detected in 10 leptospirosis cases in the present study with the parallel negative MAT results, illustrates the known limitation of the MAT in the early detection of agglutinating antibodies. 1 However, only MAT can provide useful epidemiological data by identifying the serovars involved. [1] [2] [3] In the present study, three serovars (bataviae, canicola, and tarasovi) were identified. Knowledge of the infecting serovar can help in tracing the animal reservoir and institute appropriate control measures. [1] [2] [3] However; no serovar could be identified in two children in whom MAT result was positive. Probably the serovar(s) was not present in the battery of eight pathogenic serovars used in the present study.
Our finding that some children who had leptospirosis or dengue had simultaneous malaria infection has important implications. If during the monsoon period a child with an acute febrile illness is found to be malaria-positive, malaria should not be assumed to be the sole cause of the fever. Both leptospirosis and dengue should be suspected. Failure to recognize acute leptospirosis or dengue co-infection would delay initiation of proper therapy and result in increased morbidity or even mortality.
In the present study 15 children who were seronegative for leptospirosis and dengue remained undiagnosed. It is probable that 14 of them had a self-limiting viral illness as they responded well to symptomatic treatment with paracetamol and went home. One 6-year-old male child, who presented with a history of high fever for 7 days and complaints of myalgia, abdominal pain, cough, and breathlessness, died within 24 h of admission and remained undiagnosed. He was anicteric and did not develop any haemorrhagic manifestations. His Dri-Dot test, MAC-ELISA test, peripheral blood smear examination for malarial parasite, and blood culture/Widal test reports were negative.
Our results suggest that along with leptospirosis, dengue is now an emerging infectious disease in Mumbai. To prevent future outbreaks of leptospirosis and dengue, rodent and mosquito control measures, improvement in sewerage and drainage facilities and health education are necessary.
